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Abstract 
The correct planning around airport safeguard the territory from risks of air accidents. Most of accidents are localized along 
the extended runway centerline and, for this reason, the Land Use compatibility Plans have been defined just in the areas after 
the thresholds. Nevertheless, in the past, there have been also several events localized in runway lateral zone, so ENAC and 
Sapienza-University of Rome implemented a data-base of air accidents occurred in last 15 years all over the world, to analyze 
the occurrence of these events and to define the extension of the safety area on ground and around the runway. 
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1. Introduction 
ENAC and Sapienza University of Rome are, for a long time, developing studies on risks related to aircraft 
accidents in areas near airports by means of definition of risk models and the correlated parameters that influence 
risk factors. 
This paper deals with the study on the mapping of air accidents occurred over the world in the last 15 years in 
the vicinity of the airports. 
The research consists of two phases: in the first one, accidental data from various international database 
available on the World Wide Web have been collected and an archive has been created, while in the second phase 
a software tool has been developed to manage and analyze the accidental data, also by graphical representation of 
the accident location respect to runway. 
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2. Data collection 
Some researches have been developed in several countries to define public safety zones around airports. In 
Europe, Ireland [1], England [2] and Netherland [3] implemented models to define the areas close to the runway 
threshold. All methods exclude the runway lateral zones from the areas to protect, but it is well known that there 
have been several occurrences laterally to the runway. In addition, the above cited studies are based on a data 
collection including accident from 1980 and 1997. 
During the last year, a new research has been performed to collect data on recent accidents, focusing on the 
zone around the runway. With this aim, only accidents occurred during landing, final approach, take-off and 
initial climbing have been gathered, while all the accidents occurred during the cruise phases have been excluded. 
The first step of the research has been conducted collecting data to create a new data-base. All the accidents 
occurred and documented from 01/01/1996 to 31/07/2011 have been collected, including only aircrafts of North 
America and Western Europe companies. The companies that have safety conditions and technologies not 
homogeneous to the Italian ones have been excluded. The new data base has been implemented gathering data 
from the National and International data-bases listed in Table 1. 
Table 1. Distribution of fatal accidents in the phase of flight. 
Agency Country Web site Last access date 
Accident Investigation Board Norway Norway http://www.aibn.no/?lcid=1033 July 2011 
Air Accidents Investigation Branch  UK http://www.aaib.gov.uk/home/index.cfm July 2011 
Agenzia Nazionale per la Sicurezza del Volo Italy http://www.ansv.it/ July 2011 
Aircraft Crashes Record Office International http://www.baaa-acro.com/ July 2011 
Air Disaster International http://www.airdisaster.com July 2011 
Australian Transport Safety Bureau Australia http://www.atsb.gov.au/ July 2011 
Aviation Herald International http://avherald.com/ July 2011 
Aviation Safety International http://aviation-safety.net July 2011 
Bureau d’Enquêtes et d’Analyses France http://www.bea.aero/en/index.php July 2011 
International Civil Aviation Organization International http://www.icao.int July 2011 
Jet Airliner Crash Data Evaluation Centre Germany http://www.jacdec.de July 2011 
National Transportation Safety Board U.S.A. http://www.ntsb.gov July 2011 
SkyBrary International http://www.skybrary.aero July 2011 
Swedish Accident Investigation Board Sweden http://www.havkom.se/default.asp July 2011 
Transportation Safety Board of Canada Canada http://www.tsb.gc.ca/eng/index.asp July 2011 
Ufficio d’Inchiesta sugli Infortuni Aeronautici Switzerland http://www.bfu.admin.ch/it/index.htm July 2011 
 
For each accident the following information have been analyzed: 
x Event Date (Y,M,D, Time); 
x Airport Information (Name, Country, IATA and ICAO code); 
x Runway data (Number, Length of thresholds, Runway length); 
x Airplane data (Aviation, Type, Maximum Takeoff Weight, Wingspan, Length, Seats); 
x Crash point referred to runway (After/Before/on the Runway); 
x Crash Zone (Internal or External to airport boundary) and Crash Coordinates (X, Y); 
x Phase of flight (manoeuver); 
x Instrumental or Visual Flight; 
x Cause of accident; 
x Number of people on board; 
x Accident Consequences (Dead and injured on the airplane, Dead and injured on earth, Material damage); 
864   Alessandro Cardi et al. /  Procedia - Social and Behavioral Sciences  53 ( 2012 )  862 – 871 
x Data Source (origin Database); 
x Method of reconstruction; 
x Website address of the Data Source; 
x Event Description; 
x Geo-reference coordinates (Links to GMaps). 
Overall data of 813 accidents have been stored and managed with the system described in the following 
paragraph. 
2.1. DataBase Software Tool 
The data collected in the first phase can be analyzed and showed by a software tool designed by Sapienza 
University named Spatial Distribution of Aircraft Crashes (S.D.A.C.). The software benefits of ENAC directives 
in order to cope with typical Aviation Authority needs. This software is developed for Windows OS; it is written 
in Visual Basic and it uses a Microsoft Excel spreadsheet as source of data. By means of its interface, SDAC 
allows to show the spatial distribution of air accidents and it makes possible the management of accident database 
(as the input of new accident data). The common visualization of all air accidents is realized thanks to the use of 
a single reference runway, in effect all accidents happened in a runway sector are referred to a virtual normalized 
runway and their positioning is made also in normalized mode. SDAC software allows to customize visualization 
of accidents relating to various filtering fields: 
x Date of event (Year, Month, Day); 
x Kind of aviation; 
x Flight maneuver; 
x Aircraft classes; 
x Accident consequences; 
x Point di impact; 
x Distance of accident from runway (with fix or customizable values); 
x Nation. 
Accidents visualization can be zoomed in various customized modes, focusing on specific areas near the 
runway or near a specific accident location. A square grid divides the virtual field in various areas with same 
dimensions to allow a better interpretation of distances or to zoom on specific square. The edge of the squares 
can assume various values from 100 to 1000m (Fig. 1). The accidents happened on runways are represented on a 
common virtual runway so their position on y axes is referred to a common runway length. Because of different 
lengths of runways, and in order to perform a single visualization for all accidents, each accident position is 
normalized by means of a ratio with the length of related runway. In SDAC interface the virtual runway is drawn 
on a length of 1000 meters. 
The data input formally divides accidents in relation to point of impact, so three impact sectors have been 
defined: 
x B Before Runway; 
x RW Correspondingly on Runway; 
x A After Runway. 
For a generic accident in a known position, the impact sector is determinable only if the number of programmed 
runway is available. In fact, only by means of this information it is possible to define if the impact point comes 
first, follows or coincides with runway sector. 
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Fig. 1. Accident distribution around runway. 
The common representation of accidents also needs the definition of an unique direction of maneuver and the 
consequent univocal definition of three impact sectors. Therefore, the virtual runway used for representation was 
oriented in coherence with a fix direction and the direction of manoeuvers is selected. As showed in Fig. 2 the 
virtual runway is the runway 9. 
 
 
Fig. 2. SDAC virtual runway: definition of sectors. 
For each impact sector a reference system is defined in order to formalize the coordinates input : 
x Sector B: The origin point is placed on runway’s centerline at intersection with the beginning edge of runway. 
The x-axis is perpendicular to runway centerline and it is oriented to the left side (referring to the direction of 
the manoeuver), instead the y axis is parallel to runway axis and oriented in the opposite direction of virtual 
manoeuver. 
x Sector RW: The origin point is placed on runway’s centerline at intersection with the beginning edge of 
runway. The x-axis is perpendicular to runway centerline and it is oriented to the left side (referring to the 
direction of the manoeuver), instead the y axis is parallel to runway axis and oriented in the same direction of 
virtual manoeuver. 
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x Sector A: The origin point is placed on runway’s centerline at intersection with the ending edge of runway. 
The x-axis is perpendicular to runway centerline and it is oriented to the left side (referring to the direction of 
the manoeuver), instead the y axis is parallel to runway axis and oriented in the same direction of virtual 
manoeuver. 
2.2. Accident data analysis 
By queries on data listed in the previous paragraphs, a statistical analysis on the data gathered in SDAC has 
been performed and some interesting results are evident. First of all, data confirm other statistical studies [16] 
about the risk of the different flight phases: the highest accident number is monitored during Landing (56%), then 
Approach (20%), Take Off (19%) and finally during Initial Climbing phase (Table 2). 
Table 2. Distribution of accidents: manoeuver. 
Number of accidents Percentage of total Number of accidents 
Landing (L) 454 56% 
Approach (A) 164 20% 
Take Off (TO) 153 19% 
Initial Climbing (ICL) 42 5% 
 
Landing phase, which includes Approach and Landing ones, causes a total number of incidents significantly 
greater than the Take-Off and Initial Climbing. 
 
 
Fig. 3. Repartition of accidents on manoeuver. 
Typically commercial airplanes use equipment needed to perform instrument flight; the fact that the 80% of 
accidents occurred on visual flights shows that the human factor is decisive (Table 3). 
Table 3. Distribution of fatal accidents: flight mode. 
Flight Number of accidents Percentage of total 
Instrumental 162 20% 
Visual 651 80% 
 
The main cause of accidents is not due to technical factors, but to environmental or human factors. Among the 
many reasons that may mislead the operator, there is also the use of untrained staff or their excessive exposure to 
stress conditions. Also incompatibility among crew members or ambiguities in the terminology used by pilots 
and controllers in their dialogues can generate errors. So, it is not correct to attribute the cause of disasters solely 
to pilots' mistakes and this underlines the relevance of knowledge of dynamics, even psychological, that are the 
basis of accidents attributed to the human factor. Only starting by such knowledge it is possible to realize 
effective precautionary actions. In Table 4 the subdivision of causes for visual flight are represented. 
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The area with the highest number of accidents is located after the end of the runway, beyond the A sector. The 
RW sector, that includes also lateral areas, and the B sector first runway threshold have the following values in 
distribution (Table 5). 
Table 4. Cause distribution of accidents. 
Causes Number of accidents Percentage of total 
Technical factors 142 22% 
Environmental and human factors 509 78% 
 
Table 5. Location distribution of accidents. 
Sector Number of accidents Percentage of total 
Before 201 25% 
RunWay 244 30% 
After 368 45% 
 
During the descent phase, almost all the accidents occurred before the runway (Table 6) on which the 
airplanes had to land. It’s a fairly predictable result: hardly an airplane that has a problem is able to reach the 
runway or even overrun it. 
Table 6. Location distribution of accidents during different flight phases. 
Flight phase Location Number of accidents Percentage of total Example 
Approach 
Before 145 88% 
 
RunWay 13 8% 
After 6 4% 
Landing 
Before 54 12% 
 
RunWay 189 42% 
After 211 46% 
Take Off 
Before 0 0% 
 
RunWay 38 25% 
After 115 75% 
Initial Climbing 
Before 2 5% 
 
RunWay 4 10% 
After 36 85% 
 
A landing aircraft can have an accident mainly on the runway, on its sides for veer-off or beyond the end of 
runway when it fails to stop itself in the available space. As expected, during take-off and the ascent maneuvers 
the most part of accidents happens beyond the end of runway, but it can happen, however, that the aircrafts 
performing very curved trajectories might fall in the area named “Runway”. In some cases they make a reversion 
of direction so they fall in the area named “Before”: sometimes the pilot realizes the problem occurred to aircraft 
just after take-off and it decides to land on the same runway trying to reach its starting threshold. 
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It is important to underline that most of collected accidents concern the commercial aviation (Table 7). 
Table 7. Occurrence of accidents for aviation type. 
Aviation Number of accidents Percentage of total 
Commercial 627 77% 
General 153 19% 
Military 33 4% 
 
The damages, suffered by airplane after incident, are mainly serious or severe (Table 8). 
The percentage of destroyed aircraft of commercial aviation is less than that found considering all aviation. This 
comparison indicates that the general aviation suffered more serious damage after the accident. In effect, aircrafts 
belonging to general aviation are often smaller and lighter, and probably they are flown by less experienced 
pilots. 
The distribution of accidents in relation with the airport boundary presents almost parity between events 
occurring within the boundary and those occurred outside. 
Table 8. Occurrence of consequences in accidents. 
 Total Aviation Commercial Aviation 
Accident severity n. of accidents % of total n. of accidents % of total 
Destroyed 390 48% 285 46% 
Substantial 282 35% 223 36% 
Minor 35 4% 35 5% 
Written Off 84 10% 63 10% 
None 21 3% 20 3% 
Table 9. Distribution of accidents in the airport zones. 
 Total Aviation Commercial Aviation 
Point of impact Number of accidents Percentage of total Number of accidents Percentage of total 
Internal 415 51% 339 54% 
External 398 49% 288 46% 
 
Commercial aviation has a higher number of accidents that occur within the airport fence than general 
aviation, probably because commercial aviation landing and take-off routes are mostly confined in the airport 
area. In contrast, general aviation has more freedom in routes definition, so it leaves earlier airport area (Fig. 4). 
The distribution showed in Fig. 4 may be affected by errors because the accidents’ information are often 
lacking about the accurate location of the crash point and in some cases it has been inferred from observations of 
the accident pictures. It is also useful to know in which country the 813 collected accidents occurred. Also these 
data may be affected by errors according to the meticulousness of each country to localize, reconstruct and 
understand the dynamic of the event. The highest percentage of accidents is located in North America (United 
States and Canada), probably because these nations have a huge extension, a great air traffic, hundreds of airports 
and two agencies, NTSB and TSB, that are very precise and accurate in reporting the events occurring in their 
territory. Also the reconstruction of accidents dynamics and the localization of impact point in these countries 
have been much easier than those of other countries on other continents. An example of classification based on 
the Maximum Take-Off Weight and on wingspan is described in Table 11. 
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Fig. 4. Accident distribution related to runway extension. 
Table 10. Distribution of accidents among continents. 
Continent Number of accidents Percentage of total 
Africa 101 12% 
Central America 37 5% 
North America 249 31% 
South America 84 10% 
Asia 155 19% 
Europe 175 22% 
Oceania 12 1% 
Table 11. Distribution of accidents related to aircraft take-off weight. 
 Total Aviation Commercial Aviation 
MTOW Number of accidents Percentage of total Number of accidents Percentage of total 
< 5.7t 57 7% 29 5% 
5.7t - 15t 253 31% 152 24% 
15t - 80t 370 46% 326 52% 
80t - 450t 133 16% 120 19% 
 
The smaller mass is 2948 kg (Piper PA-31-350 Chieftain), while the greater one is 442253 kg (Boeing 747-
100). 
Table 12. Distribution of accidents related to aircraft wingspan. 
 Total Aviation Commercial Aviation 
Wingspan Number of accidents Percentage of total Number of accidents Percentage of total 
10m - 25m 346 43% 213 34% 
25m - 40m 348 43% 313 50% 
40m - 75m 119 14% 101 16% 
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The lower and upper limits of wingspan are respectively 10 m and 75 m, in fact the smaller collected 
wingspan is 10.84 m corresponding to a Learjet 25, while the largest one belongs to an Antonov 124-100 and it 
measures 73.3 m. 
The final accident data analyzed is the number of victims. Overall, the number of people involved in 813 
incidents (dead and injured) is shown in Table 13. 
Table 13. Distribution of dead and injured people. 
 Injured Dead 
On board 2195 7237 
On ground  160 414 
Military 2355 7651* 
  *more than one per day 
 
    
Fig. 5. (a) Distribution of dead and (b) injured people. 
Only a small part of the 7237 deaths on board is related to general or military aviation, because these 
categories carry a number of people significantly smaller (7 of general aviation and 19 of military aviation) than 
commercial aviation, (about 55 people on average). Furthermore, commercial flight represents the higher number 
of collected accidents. 
 
Fig. 6. Distribution of dead and injured people related to aviation types. 
3. Conclusions 
In this paper a study performed by “Sapienza” – University of Rome and ENAC has been presented. 813 
accidents occurred around the airport in all the world from 1996-01-01 to 2011-07-31 have been gathered. The 
data have been collected in the data-base “SDAC - Spatial Distribution of Aircraft Crashes”. This software has 
allowed statistical analysis on fatal accidents by means of queries on data and some statistical results are 
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presented in this paper. It has been seen that most of the accidents occur during landing and approach phases 
(76% in total) and they belong to Commercial Aviation (77%). The principal results about the localization of the 
accidents around the airport show that the proportion of accidents inside and outside the airport is similar (51% 
inside and 49% outside) and they are distributed in the area close to both the threshold and lateral the runway. 
Most of accidents are before and after the thresholds; those that involve side areas to runways, generally are 
confined in the airfield, but there are some crashes that ended outside the fence. 
Also the result about the dimension of the crashed airplanes is very interesting in fact the most of them are 
heavy and very heavy (62% of the total aircrafts involved in the accidents weight more than 15 t; this percentage 
arises to 71% if only Commercial Aviation is considered). This means a high severity in the accident 
consequences on the territory, in fact the risk assessment models define the accident consequence strictly 
connected to the destroyed area and this area is generally proportional to the weight of the aircraft. Both these 
results (localization of accidents and dimension of crashed airplane) play an important role in the definition of 
safe zones (for residents and aeronautical activity) in the plan of the municipalities that include an airport. 
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